Introduction: Obesity is a modifiable risk factor for acute myocardial infarction (MI), but lean body mass (LBM) may also be an important factor. Low LBM may increase the risk of MI and LBM may modify the effect of obesity on MI. Thus, the inability of the classical anthropometric measures to evaluate LBM may lead to misclassification of MI risk in both lean and obese persons. We investigated the associations between incident MI and bioelectrical impedance analyses (BIA) derived measures of body composition in combination with body mass index (BMI) and anthropometric measures of body fat distribution. Methods and results: From 1993 to 1997, 27 148 men and 29 863 women, aged 50 to 64 year, were recruited into the Danish prospective study Diet, Cancer and Health. During 11.9 years of follow-up we identified 2028 cases of incident MI (1487 men and 541 women). BMI, waist circumference (WC), hip circumference and BIA of body composition including body fat mass (BFM), body fat percentage and LBM were measured at baseline. We used Cox proportional hazard models with age as time axis and performed extensive control for confounding. Weight, BMI, classical estimates of abdominal obesity and BIA estimates of obesity showed significant positive associations with incident MI. However, BFM adjusted for WC showed no association. Low LBM was associated with a higher risk of incident MI in both genders, and high LBM was associated with a higher risk in men. Conclusion: Obesity was positively associated with MI. Estimates of obesity achieved by BIA seemed not to add additional information to classical anthropometric measures regarding MI risk. Both high and low LBM may be positively associated with MI.
Introduction
Cardiovascular disease including acute myocardial infarction (MI) is the leading cause of premature death in Europe. 1 The incidence of MI has declined in the Western world in recent years, 2 but this may change as obesity develops in epidemic proportions. 3, 4 Obesity is a modifiable risk factor for MI, 5 and the association between MI and general obesity measured as body mass index (BMI) as well as body fat distribution indicated by waist circumference (WC) and hip circumference (HC) has been investigated for decades. [6] [7] [8] [9] [10] [11] [12] Where WC indicates abdominal fat accumulation, 13 the interpretation of BMI and HC is less clear. BMI measures body fat mass (BFM) as well as lean body mass (LBM), and HC may represent subcutaneous fat as well as the largest muscle group of the body. The U-shaped association between BMI and total mortality has been related to opposite effects of BFM and LBM, that is, increased risk at low BMI due to low LBM and increased risk at high BMI due to high BFM. [14] [15] [16] Likewise, LBM may modify the effect of obesity on MI, and the inability of the classical anthropometric measures to differentiate between LBM and BFM may obscure MI risk in both lean and obese persons. The objective of this study was to provide insight into the associations between incident MI and bioelectrical impedance analyses (BIA) of body composition in combination with BMI and anthropometric measures of body fat distribution in a large prospective cohort study with separate analyses among men and women.
Materials and methods
The present study was based on data from the Danish prospective study Diet, Cancer and Health, which has previously been described in detail. 17 In brief, from November 1993 to May 1997, all men and women aged 50-64 years, born in Denmark, living in the greater Copenhagen or Aarhus areas, and with no previous cancer diagnosis registered in the Danish Cancer Registry were invited to participate in the study. The persons were identified from the Civil Registration System in which every person living in Denmark is identified by a unique 10 digit number. We excluded participants with previous MI, and after case identification participants with missing information on one or more covariates were also excluded. All anthropometric data were collected by trained laboratory technicians. Height was measured to the nearest 0.5 cm with the participants standing without shoes. Weight was measured using a digital scale with the participants wearing light clothing and recorded to the nearest 0.1 kg. WC was recorded to the nearest 0.5 cm and measured at the narrowest part between the lower rib and the iliac crest. Bioelectrical impedance was obtained using a 50 Hz single frequency device (BIA 101-F, Akern/RJL, Florence, Italy), with the participants lying relaxed on a couch with their legs 451 apart and arms 301 from the torso. Estimates of body fat percentage (BFP), BFM and LBM were obtained by gender specific equations developed in a comparable population. 18 Information on confounders was obtained through questionnaires covering food intake during the last year, socio-demographic factors, lifestyle and health including prevalent disease and medication.
The 
Statistical analyses
The incidences of MI were analyzed by Cox's proportional hazards regression models stratified by gender and with age as the underlying time variable. 21 The observation time was censored by death from other causes than MI, emigration or end of follow-up April 2008. In all tables the reported effects are based on a linear effect of the reported exposure covariate and results were reported as hazard ratios with 95% confidence. Figures were based on an effect of the reported exposure covariate modeled by centered restricted cubic splines with three knots placed as suggested by Harrell. 22 Estimation of the curves and model comparison, performed by a likelihood ratio test, were based on all subjects, but figures were only presented for the 5th through 95th percentile. In multivariable analyses, the baseline hazard was adjusted for confounding by including the following categorical covariates: smoking (never, former, current o15 g d
, sports activity (o0.5 h per week, 0.5-3.5 h per week or 43.5 h per week), education (basic school, higher education 1-2 years, higher education 3-4 years, higher education 44 years). hypertension, diabetes mellitus and hypercholesterolemia were all included in three categories: self reported disease, no disease or unknown status. For women we also adjusted for menopausal status (pre, post and uncertain) and hormonal substitution therapy (yes, no). The effects of continuous confounders, alcohol consumption, total energy intake and intake of fruit and vegetables were included by centered restricted cubic splines with five knots. 22 The proportionality assumptions of the models were evaluated by use of Schoenfeld residuals and graphically by log-minus-log plots. All analyses were performed using Stata. 23 The median follow-up time was 11.9 years. Baseline characteristics of the study participants are presented in Table 1 . Compared with the total cohort both male and female cases appeared on average older, had a shorter education, drank less alcohol, ate less fruit and vegetables and fewer were never smokers. Similarly, cases had a higher prevalence of hypertension, diabetes mellitus and hypercholesterolemia at baseline. The primary anthropometric exposure variables are presented in Table 2 .
Results

Participants and cases
Analyses
The proportionality assumption for the Cox proportional hazards regression model was fulfilled for all analyses.
The highest correlation among exposure variables was between BFM and WC (0.91 for men and 0.88 for women) and between BFM and HC (0.82 for men and 0.88 for women). LBM was only moderately correlated to the other exposure variables in both genders (0.37-0.71).
The spline model of BFP ( Figure 1 ) and BFM ( Figure 2 ) adjusted for height as measures of general obesity showed monotonously positive associations with incident MI in both genders, and in men the effects were nearly linear. Further adjustment of BFM for HC, which makes BFM a measure of abdominal obesity, resulted in a steeper curve, especially for women. BFM adjusted for height and WC, which makes BFM a measure of peripheral subcutaneous fat, showed a nearly neutral linear curve in men, and in women the association was negative. The height adjusted curves for LBM ( Figure 3 ) also showed monotonously positive associations with incident MI in both genders. Further adjustment for BFM and WC resulted in U-shaped curves. For women the adjusted association for low LBM was substantially stronger that the association with high LBM.
We found very similar results for men and women in the linear models both for the classical anthropometric measures of obesity (Table 3 ) and for BIA of body composition (Table 4) . Weight, BMI and WC showed positive associations Body composition and body fat distribution JG Stegger et al and height as well as HC adjusted for WC showed a negative association.
All measures of obesity achieved by BIA showed significant positive associations with MI, with the noteworthy exception of BFM adjusted for WC. The linear models of obesity showed good correlations with the spline models (all P40.28) except BFP in women and height-adjusted BFM in men (P ¼ 0.04 and P ¼ 0.03, respectively).
LBM adjusted for height showed a significant positive association with MI, but the linear association was no longer present after additional adjustment for BFM and WC. However, the linear models for LBM might be oversimplified as the estimates showed relatively poor agreement with the spline models (all Po0.06). Table 5 shows the effect of LBM within strata of obesity. BFM was divided according to the median and LBM according to tertiles among cases. Among thin participants, we found monotonous negative associations with LBM in both genders. Also, among participants with high LBM there was a higher risk associated with high BFM in both genders. However, for women the combined risk of high BFM and low LBM was less than additive. 24, 25 Adjustment for confounding (Tables 3 and 4, Figures 1-3 ) and additional adjustment for hypertension, hypercholesterolemia and diabetes mellitus (Online supplement 1) had only minor effect on the associations.
Discussion
In this large prospective study of obesity and incident MI, we demonstrated strong positive associations with incident Body composition and body fat distribution JG Stegger et al MI for measures of general and abdominal obesity. However, when BFM was adjusted for WC, BFM showed no association. Interestingly, both high and low LBM was positively associated with incident MI in both genders, and in women LBM seemed to substantially modify the effect of obesity on incident MI.
Strengths and limitations
Selection problems could have been present as participation in the study could be correlated to anthropometry, as obese persons might have been less interested in joining a study measuring body composition. 26 It is, however, not likely that obese non-participants had a different risk of MI than obese participants. Our cohort included mainly normal-weight and overweight individuals; only few individuals were underweight. BMI and BFM among men were similar to a study of 60-year-old Swedish men, whereas LBM in our study is slightly higher. 16 The range of the classical anthropometric measures in our study is similar to the range in a large English-based cohort with the exception of BMI in women, which is slightly lower in our study. 6 Differences between participants and non-participants according to socioeconomic status have previously been demonstrated, 17 but other possible differences have not been investigated. Also, we cannot rule out a 'healthy participant effect' as the participants were at least 50 years of age at inclusion, and we excluded all participants with a previous MI. Obese participants who had experienced an MI before inclusion in Diet, Cancer and Health might have had a greater risk of MI than obese participants who had not had a MI at inclusion. Selection bias during follow-up was limited as the dropout was very small. However, death from other causes than MI is a competing risk, and both general and abdominal obesity are positively associated to all cause mortality. 27 Deceased participants were censored in the Cox proportional hazards regression analyses and supposed to have a risk equivalent to the rest of the cohort. However, participants who died of Body composition and body fat distribution JG Stegger et al other atherosclerotic diseases, for example, stroke, might have had a higher risk of MI due to the universal nature of atherosclerosis. This would lead to an underestimation of the true associations.
We considered information problems to have had only minimal impact on our results as all data on exposure variables were collected by trained study technicians according to a standardized protocol. However, BIA of a single person may not be precise as the analyses are influenced by, for example, hydration status. 28 The error is most likely random and of minor importance in this very large study. The validity of the specific method used in this study has previously been investigated. 15, 18 Furthermore, the analyses were based on only one measurement, and participants may have changed their body composition during the follow-up period. 29 Obese participants could be subject to more thorough examination for cardiovascular disease than non-obese participants leading to information bias, but the Danish medical system is funded entirely by taxation, and all Danish patients suspected of MI were admitted to a public hospital. Furthermore, the MI diagnosis was based mostly on objective measures of biomarkers, and most cases were validated by direct review of medical records. The anthropometric data Adjusted for smoking status, fruit and vegetable intake, alcohol consumption, physical activity, total energy intake and educational level. Women also adjusted for hormone replacement therapy and menopausal status.
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were not available at the time of case validation. Due to the subtle nature of atherosclerosis reverse causation is a possibility, but we found equal associations for all exposure variables when we conducted separate analyses in participants who experienced an event within the first 2 years of follow-up and in participants who experienced an event after more than 2 years of follow-up (Online supplement 2). There are several established and even more potential risk factors for MI associated with obesity, and the large cohort size gave us statistical power to conduct separate analyses in men and women with extensive confounder control.
Hypertension, diabetes mellitus and hypercholesterolemia can be seen as intermediate variables, and their inclusion in multivariable analyses contracts the outcome to associations through other pathways, but analyses without these adjustments may imply confounding from other causes to these intermediate variables. The adjustments for both confounders and intermediate variables had only limited effect on the associations (Online supplement 1) suggesting that residual confounding was unlikely to have played a major role for our findings.
General discussion
Our results regarding the classical anthropometric measures (Table 3) were similar to the results of recent metaanalyses. 10, 30 WC indicates abdominal fat accumulation, 13 but the amount of visceral fat may differ among persons with similar WC. 31 WC adjusted for BMI has been used as an estimate of visceral fat 32 and has previously been positively associated with MI. 30 In this adjustment, BMI was an Adjusted for smoking status, fruit and vegetable intake, alcohol consumption, physical activity, total energy intake and educational level. Women also adjusted for hormone replacement therapy and menopausal status. Table 5 Effect of modification of lean body mass on body fat mass Abbreviations: RERI, relative excess in risk due to interaction; WC, waist circumference. Multivariate a Cox proportional hazards ratios with 95% confidence interval in brackets for the association between baseline anthropometric measures and incident acute myocardial infarction. Exposure variables divided according to medians or tertiles among cases. Median follow-up 11.9 years. Diet, Cancer and Health, Denmark, 1993 Denmark, -2008 . Adjusted for smoking status, fruit and vegetable intake, alcohol consumption, physical activity, total energy intake and educational level. Women also adjusted for hormone replacement therapy and menopausal status.
Body composition and body fat distribution JG Stegger et al estimate of general obesity, but BMI is also influenced by LBM. General obesity may be more precisely estimated by BFM, and as an estimate of visceral adipose tissue, we therefore suggested WC adjusted for BFM, which showed a significant positive association with MI.
BFP was also a measure of general obesity like BMI, but where high muscle mass would lead to a high BMI and thereby give a false indication of a higher risk of MI, high muscle mass would diminish BFP indicating a lower risk. BFP thus held useful information on body composition, but it did not, however, provide any information on body fat distribution.
BFM adjusted for height showed a positive association with MI, but after additional adjustment for WC, there was no significant association, indicating that BIA of obesity provided no additional information to WC regarding risk of incident MI.
LBM adjusted for height seemed to be monotonously positive associated with incident MI in both men and women. However, the participants were at least 50-yearsold at inclusion, and at that age only few were muscular built, and high muscle mass was more likely to be achieved by carrying excess fat. When we additionally adjusted for BFM and WC, as measures of total body fat and body fat distribution, low LBM, as for total mortality, was associated with a higher risk of incident MI, and the higher risk associated with high LBM was clearly attenuated, but still remained, in men. The higher risk with high levels of LBM was surprising, but the results in Table 5 suggest that high LBM mainly had an adverse effect among obese participants. A possible biologic explanation could be that obese participants with a tendency to high skeletal muscle mass might have had a tendency to cardiac hypertrophy as well. Another explanation could be that estimates of higher LBM instead of increased skeletal muscle mass could represent higher total body water due to co-morbidity. Due to the smaller crosssectional area of the extremities, they have a relatively great influence on the result, and edema of the extremities, for example, due to heart or kidney disease may be misinterpreted as higher LBM. 28 However, when we excluded participants with a Charlson index 33 of 2 or more, we got similar results (data not shown). The higher risk of MI associated with low LBM suggests that the adverse effect of a small HC, at least partly, could be explained by muscle mass.
Adjustment for possible causes of obesity like total energy intake and physical activity as well as possible intermediate variables as hypertension, hypercholesterolemia and diabetes mellitus had only minor influence on the associations indicating that additional pathways are important in the association between obesity and incident MI.
In conclusion, we found that measures of general and abdominal obesity were positively associated MI, whereas HC was negatively associated with incident MI. Estimates of obesity achieved by BIA seemed not to add additional information to the classical anthropometric measures regarding MI risk. However, BIA provided estimates of LBM, and surprisingly both low and high LBM may be positively associated with incident MI in both men and women. Furthermore, LBM may modify the effect of obesity on MI risk in women.
